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ABSTRACT. Mohrhoff proposes using the Aharonov-Bergmann-Lebowitz 
(ABL) rule for time-symmetric "objective" (meaning non-epistemic) 
probabilities corresponding to the possible outcomes of 
not-actually-performed measurements between specified pre- and 
post-selection measurement outcomes. It is emphasized that the ABL rule 
was formulated on the assumption that such intervening measurements are 
actually made and that it does not necessarily apply to counterfactual 
situations. The exact nature of the application of the ABL rule considered by 
Mohrhoff is made explicit and is shown to fall short of his stated 
counterfactual claim. 

Ulrich Mohrhoff^ distinguishes between "subjective" and "objective" 
probabilities in quantum mechanics. This type of distinction has been made 
by others^; Mohrhoff proposes to modify it by adding a time-symmetric 
aspect in which the relevant "facts" describing a quantum system include 
not just the pre-selection outcome but also the post-selection outcome. 
However, his discussion of the Aharonov-Bergmann-Lebowitz ( "ABL" ) rule^ 
as related to counterfactual statements about possible intervening 
measurements between pre- and post-selection does not address the 
numerous objections in the literature to the counterfactual usage of ABL 
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probabilities.^ ^ Moreover, his usage of the ABL rule implicitly assumes 
special conditions. When these special conditions are made explicit, it 
appears that the actual claim being made is distinct from, and arguably 
weaker than, the claim as stated in [1]. 

The ABL rule was formulated on the assumption that intervening 
measurements at a time t, ta < t < tb, are actually made, and would therefore 
appear to correspond to what Mohrhoff is calling "subjective" probabilities. 
However, he wishes to consider time-symmetric objective probabilities in 
which a possible intervening measurement of some observable Q is not 
actually performed. Various proofs have been given of the inapplicability of 
the ABL rule to this kind of situation. Those proofs demonstrated that the 
counterfactual usage of the ABL rule yields consequences that are 
inconsistent with quantum theory (see footnote [5], esp. Sharp & Shanks 
1993, Cohen 1995, Miller 1996). Vaidman has questioned the validity of such 
proofs'" and they have been defended in Cohen [5, 1998] and Kastner [5]^. 
Thus there is still an active controversy on this point which Mohrhoff does 
not address in [1].^ 

Mohrhoff claims that the ABL rule can be applied to statements such as: 

Statement 1: "If a measurement of observable Q were performed on 
system S between the (actual) preparation of the probability measure \a){a\ 
at time ta and the (actual) observation of the property \b){b\ at time tb, but 
no measurement is actually performed between ta and tb, then the 
measurement of Q would yield qi with probability p {qi\a, 6)."^° 

Now, if we look at Mohrhoff 's apphcation of the ABL rule, what is 
actually being done is the following. A possible world j is found in which 
system S happens to have the same pre- and post-selection outcomes as it did 
in the actual world (i). The ABL rule is then apphed, not to the actual world, 
but to this possible world j}^ Thus Mohrhoff 's apphcation actually supports 
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the following statement, which differs significantly from Statement (1): 

Statement 2: "In the possible world j in which observable Q is measured 
and system S yields outcomes a and b at times ta and U respectively, the 
probability of obtaining result qk at time t is given by PABL{'lk\0', b)." 

It should be noted that the possible world j referred to in Statement 
2 — the one in which system S happens to end up with the same pre- and 
post-selection results as in the actual world — is only one member of a set W 
of worlds which differ from the actual world in that observable Q is 
measured. The other worlds in this set are worlds in which observable Q is 
measured at time t and the pre- and/or post-selection outcomes are not the 
same as in the actual world. 

To sum up the situation so far: In Mohrhoff 's counterfactual claim, the 
ABL rule is applied not to the actual world (in which no measurement was 
performed at time t) , but rather to a possible world in which the 
measurement at time t is performed and the quantum system has the same 
pre- and post-selection outcomes as in the actual world. The result thus 
obtained is claimed to apply to the actual world inasmuch as it is claimed to 
give an answer to a question about how our world might have been different 
between the times ta and tb (with their associated outcomes), were a certain 
measurement made (i.e., it is claimed to provide a basis for the truth of 
Statement 1). Let us call this kind of claim a "counterfactualf," where the 
"t" signifies that it is a new type of counterfactual claim which may or may 
not be immune to the type of objections previously raised in the literature. 
Our task, then, is to analyse this counterfactualf and determine whether it 
avoids the conclusion of proofs such as that of Sharp & Shanks [5].^^ 

Let us first clarify what is involved in considering hypothetical situations 
involving measurements that were not actually made. Consider the following 
question from the viewpoint of an experimenter — a physicist to whom we 

3 



will henceforth refer as "Dr. X" — who preselects particles in state \a) at ta 
and post-selects particles in state \b) at tj,. 

Dr. X asks himself: "In general, what would have happened if I had made 
a measurement at time t that I did not, in fact make? How might the data of 
my experiment change?" 

One part of the answer to this question is that particles that were found 
to be in state |6) at tb might not have ended up in the same state. 

Therefore, from Dr. X's point of view, the appropriate and correct 
counterfactual statement of the ABL rule would be worded as follows: 

Statement 1': "Consider system S having pre- and post-selection results a 
and b at times ta and tb when a measurement of observable Q was not 
performed. If a measurement of observable Q had been performed at time 
t,ta < t < tb on S, and if S had the same pre- and post- selection outcomes as 
above, outcome would have resulted with probability PABL{<lk\0',b)" 

Now, for Dr. X the second, italicized "if" clause is a big "if," in view of 
his question and answer above. Acknowledging this second "if" takes into 
account that the background conditions that must hold in order to apply the 
ABL rule counterfactually to system S — namely, that it must have the same 
pre- and post-selection results as in the actual world — are not guaranteed to 
hold if the measurement is actually performed. (See footnote [13].) 

In the absence of the caveat of the second "if," which considerably 
weakens the counterfactual claim, such background conditions have to satisfy 
the following requirement, which is itself a counterfactual statement: 

Requirement C: If a measurement of observable Q had been performed, 
system S would (with certainty) have been pre- and post-selected with 
outcomes a and as in the actual world. 

This requirement is often referred to as "cotenability" : if the necessary 
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background conditions are not cotenahle with the antecedent (i.e., the 
measurement of Q), then a counterfactual statement such as Statement 1, 
which crucially depends on the stability of those background conditions, fails. 

Now, it is obvious that in the pre- and post-selection situation considered 
by Mohrhoff, Requirement C is not satisfied. As Dr. X observes above, if he 
had in fact measured Q, then system S might not have been post-selected. 
However, Mohrhoff argues that cotenability is not an issue for his new 
counterfactualf ; all he requires is that a possible world j exists in which he 
can apply the ABL rule, with pre- and post-selection results a and 6, to 
system S. Therefore his argument is essentially the following: to make a 
counterfactual claim like that of Statement (1), all one need do is to find a 
possible world in which required background conditions happen to hold, 
apply the ABL rule to the counterpart of system S in that possible world, 
and then claim that the result applies to the actual system S. 

A diagram may help to make clear the exact nature of Mohrhoff 's 
counterfactualf claim. It is argued that one should take into account that 
the outcome of the final measurement was the value h. This outcome should 
be viewed as "fixed," the idea being that the final conditions should have the 
same status as the initial conditions; in other words, one assumes a 
two-valued temporal boundary condition. This is equivalent to assuming that 
the appropriate probability to be assigned to the event b at t'z is unity, the 
;jostenor probability of outcome h (since it actually happened). That is, 
questions about what might have happened other than outcome 6, are now 
viewed as irrelevant, since the applicable probabilities for such questions are 
prior probabilities and as such do not take into account all relevant facts. 

Now, one considers a system of possible worlds with the following 
characteristics (refer to Figure 1): 
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Figure 1. The system of possible worlds assumed in Mohrhoff's ABL counterfactualf. 



Each of the curved lines represents a set of possible worlds {Qj} in which 
a measurement of the observable Qj is performed at time t. The individual 
member worlds of each set {Qj} are identified with the possible outcomes of 
measurements of Qj. (Thus a particular set of worlds {Qj} here corresponds 
to the possible world j referred to above, with additional structure.) Within 
this proposed construct, the ABL probability is assumed to give the 
subjective probability applying to an observer Dr. Xf associated with the set 
of worlds {Qj} in which the measurement of Qj is performed. In 
Mohrhoff's counterfactualf , this probabihty is then held to apply 
(objectively) to a different world — the world of Dr. X — in that it is claimed 
to give an answer to the question corresponding to Statement (1), i.e.: "If 
(contrary to fact) a measurement of Qj had been performed between the 
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actual outcomes at ta and tb, what would be the probability that Dr. X 
would find outcome (one of the eigenvalues of Qj)?" 

However, such a claim would seem to conflate two distinctly different 
perspectives or frames of reference. In being invoked in Statement (1), the 
ABL rule is being applied counterfactually to Dr. X's world, since it is from 
that frame of reference that the claim is being made. Yet when called upon 
to justify his counterfactualf , Mohrhoff argues from the non-counterfactual 
perspective of Dr. Xf . 

For example, Mohrhoff's objection to the Sharp & Shanks proof, like 
Vaidman's, consists in demanding that the "countcrfactual" measurement be 
considered as performed, in contrast to the proof which assumes that, in 
accordance with Dr. X's perspective, the measurement is not performed. 
Thus, according to Mohrhoff, the calculation should be considered as 
applying to the world(s) of Dr. Xf rather than to the world of Dr. X. But 
Dr. X| 's perspective is markedly different from that of Dr. X, and it is Dr. 
X who is making the counterfactual claim (Statement 1). The proof applies 
to Dr. X and his claim, not to someone who has actually performed the 
measurement. One does not refute a proof by arguing that it does not apply 
to a frame of reference for which it was not intended. Thus Mohrhoff's 
counterfactualf formulation, which postulates a hypothetical system of 
worlds in which non-counterfactual applications of the ABL rule are held to 
apply to those possible worlds, fails to evade the conclusion of the proofs 
which address the actual world in which no such measurement is performed. 

To conclude, it has been argued that Mohrhoff's application of the ABL 
rule, which depends on a specially chosen system of possible worlds, fails to 
support his stated counterfactual claim based on that rule. Moreover, his 
objection to the proofs demonstrating the nonvalidity of the counterfactual 
usage of the ABL rule fails to refute those proofs, because it does not apply 
to the actual world addressed by the proofs. 
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Finally, it should be noted that none of the arguments in this Comment 
presuppose any time-asymmetry assumptions. Nor are any underlying 
metaphysical assumptions about time "flow" or subjective, "classical" 
experience invoked or required. The present author fully agrees with the 
basic result (relevant to this discussion) originally obtained by ABL, which 
was the following: "...during the time interval between two noncommuting 
observations, we may assign to a system the quantum state corresponding to 
the observation that follows with as much justification as we assign, 
ordinarily, the state corresponding to the preceding measurement."^^ 

The above quoted statement considers either temporal direction as being 
equally valid as far as quantum theory is concerned (where here, "temporal 
direction" simply means whether one regards the parameter t as increasing or 
decreasing in the applicable laws). However, it does not consider combining 
both temporal directions as is implied in a counterfactual usage of the ABL 
rule. I.e., nothing in the ABL paper suggests holding fixed both pre- and 
post-selection states while considering not-actually -performed measurements 
during that time interval.|^ 
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